The anorogenic oxidized A-type Redenção granite, of Paleoproterozoic age, is located in the Amazonian Craton to the south of the Serra dos Carajás, in Brazil. The granitic pluton is comprised essentially of monzogranites disposed in near-concentric zones. Except for clinopyroxene-bearing monzogranites generated by accumulation of mafic minerals, the least-evolved facies is a coarse biotite-hornblende monzogranite that evolved by fractional crystallization to the dominant facies, a coarse (hornblende)-biotite monzogranite. The central portion of the pluton consists of leucogranites, which were probably derived from an independent magma. Seriate and porphyritic biotite monzogranite varieties cross-cut the coarse (hornblende)-biotite monzogranite, forming annular structures. The porphyritic monzogranites are at least in part generated by mingling between the magmas of the coarse biotite monzogranite and leucogranites. The mixing of magmas is probably more common in granitic plutons than generally admitted. The different varieties of the Redenção pluton are ferroan alkali-calcic A-type granites [FeO t /(FeO t + MgO) values of 0.83 to 0.94; K 2 O/Na 2 O 1 to 2]. The oxidized character of the Redenção pluton is revealed by the ubiquitous occurrence of magnetite and titanite, and relatively lower FeO t /(FeO t + MgO) values and higher magnetic susceptibility compared to those observed in typical reduced A-type granites.
and tholeiitic basalts (Souza et al. 1997 (Souza et al. , 2001 ). In addition, three principal groups of Archean granitoids have been distinguished (Althoff et al. 2000 , Leite et al. 2004 , Dall'Agnol et al. 2006 , Oliveira et al. 2009 (1) Granitoids of the tonalite-trondhjemite series, represented by the Arco Verde and Caracol tonalites (2.98 to 2.93 Ga) and the Mogno (2.96 Ga; J.A.C. Almeida, unpubl. data) and Água Fria (2.86 Ga; Leite et al. 2004) trondhjemites; (2) 2.87 Ga Rio Maria sanukitoid granodiorite and associated intermediate rocks, which intruded the greenstone sequence, and (3) 2.87 to 2.86 Ga leucogranites of calc-alkaline affinity, represented by the Xinguara, Mata Surrão, and Guarantã granites.
The eastern part of the Amazonian Craton was stabilized in the Archean and remained stable until 1.88 Ga, when an episode of distension and underplating led to the generation and emplacement of oxidized A-type granites of the Jamon suite and associated coeval mafic and felsic dikes (Dall'Agnol et al. 1994 , 1999b . The Redenção pluton intruded the Arco Verde tonalite and potassic leucogranites (Fig. 2; Vale & Neves 1994 . In addition to the Redenção pluton, the Jamon Suite comprises the Jamon, Musa, Bannach, Marajoara, and Manda Saia plutons (Fig. 1b; Dall'Agnol et al. 2005 , Almeida et al. 2006 .
FielD relationships oF the reDençã Granite with Country roCks
The Redenção and other plutons of the Jamon Suite are generally unfoliated. Except for a local magmatic foliation developed on the border, deformational structures are restricted to fracturing and faulting. The Redenção pluton cross-cuts the E-W to NW-SE structural trends of the Archean granitic basement (Fig. 2) . Contacts are strikingly discordant and sharp. Angular xenoliths of the Arco Verde tonalite are commonly observed near the border of the pluton, indicating a high contrast in viscosity between the granitic magma and the Archean bedrock. In the case of the Redenção pluton, contact effects were not studied in detail, but for other plutons of the Jamon suite, Archean country rocks are strongly affected by contact metamorphism. Hornblende hornfels contact metamorphism aureoles have been identified around the Jamon and Musa plutons and are well developed in both granitic and greenstone rocks (Dall'Agnol et al. 1994 , 1999b . Moreover, on the basis of Al content in hornblende from the granite and of mineral assemblages developed in the contact aureole, Dall'Agnol et al. (1999c , 2006 suggested that these plutons were emplaced at shallow crustal levels (~1 to 3 kbar).
Swarms of mafic and felsic dikes are associated with the Jamon Suite. Composite dikes of granite porphyry associated with diabase, which cross-cut the sanukitoid Rio Maria granodiorite locally, have been described . The felsic rock in the composite dike yielded a Pb-Pb zircon age of introDuCtion The Redenção granite belongs to the Paleoproterozoic, oxidized A-type Jamon suite, emplaced in the Archean Rio Maria granite-greenstone terrane (dated at ~3.0 to 2.86-Ga) in the eastern Amazonian craton (Dall'Agnol et al. 1999b , c, 2005 . The granites of that suite have been dated at 1.88 Ga (Machado et al. 1991 , Dall'Agnol et al. 1999b , and references therein). They are metaluminous to mildly peraluminous and magnetite-bearing, display high levels of K 2 O and high field-strength elements (HFSE) (Dall'Agnol & Oliveira 2007) , and show many similarities with the Mid-Proterozoic granites of the western United States (Anderson & Bender 1989 , Anderson & Smith 1995 , Barnes et al. 2002 , Anderson & Morrison 2005 .
Our aim in this paper is to present field, petrographic, and whole-rock major-and trace-elements geochemical data and to discuss the magmatic evolution of the Redenção pluton, which is representative of the Paleoproterozoic anorogenic, oxidized A-type granites of the Jamon Suite. The good exposure and extensive sampling have led to a solid understanding of the relationships between different varieties of granite in the pluton and their magmatic evolution. Geochemical data are employed to discuss the magmatic series of the Redenção Granite and the criteria applied in order to establish its oxidized character in contrast with reduced A-type granites. The magmatic processes indicated by geochemical evidence are tested with quantitative modeling. The hypotheses to explain the origin and protoliths of the Redenção granite magmas will also be discussed employing available isotopic data (Dall'Agnol et al. 1999b , Rämö et al. 2002 .
GeoloGiCal settinG
The Redenção granite is situated at the eastern border of the Central Amazonian province of the Amazonian Craton ( Fig. 1a ; Tassinari & Macambira 2004) within the Archean Rio Maria granite-greenstone terrane, comprising the southern part of the Carajás metallogenic province (DOCEGEO 1988) . This province is limited to the north by the Maroni-Itacaiúnas province (Fig. 1a) , formed in the 2.2-2.1 Ga TransAmazonian event. To the east, it is bordered by the Neoproterozoic Araguaia Belt, related to the Brasiliano (Pan-African) cycle.
The Rio Maria granite-greenstone terrane is an Archean terrane intruded by Paleoproterozoic anorogenic granites (Fig 1b; Dall'Agnol et al. 1999b , Rämö et al. 2002 . The area is dominated by granitic rocks and supracrustal greenstone belts with zircon ages of 2.98 to 2.86 Ga (Macambira & Lafon 1995 , Macambira & Lancelot 1996 , Leite et al. 2004 ) and younger, but also Archean, metasedimentary rocks of the Rio Fresco sequence. The greenstone belts (Andorinhas Supergroup) are composed dominantly of komatiites the Carajás (1) and Xingu (2) domains of the Central Amazonian geochronological province of Tassinari & Macambira (2004) , and the two exposed parts of the Amazonian craton, the Guiana shield in the north and the Central Brazil shield in the south. (b) Geological map of the Rio Maria granite-greenstone terrane showing the distribution of the Paleoproterozoic A-type granites of the Jamon suite (modified from Almeida et al.
2006, and references therein).
1885 ± 4 Ma and shows evidence of mingling with the associated mafic dike, demonstrating that the mafic and felsic magmas were contemporaneous. Another felsic dike gave an age of 1885 ± 2 Ma (D. C. Oliveira, unpubl. data) . The occurrence of dike swarms that are coeval with the granites of the Jamon suite indicates that the granite plutons were emplaced in an extensional tectonic regime. This is consistent with the laccolithic shape of the Redenção pluton, suggested by gravity data (Oliveira et al. 2008) , which is dominant in rapakivi batholiths (Vigneresse 2005) .
petroGraphy anD FaCies relationships oF the reDenção Granite Oliveira et al. (2005) discussed the petrography of the Redenção granite in detail. All varieties of granite are isotropic, and their color varies from grayish to reddish, passing to brick red in the more strongly oxidized leucogranites. The various facies display coarse-grained, equigranular or coarse-to mediumgrained seriate textures with subordinate porphyritic and medium, even-grained types. They are leucocratic, with mafic mineral content normally between 15% and 6%, reaching >25% in the less evolved facies, and decreasing to <3% in the differentiated leucogranites (Table 1 ). All varieties of garnet have relatively uniform modal composition, being essentially composed of monzogranites with rare syenogranite limited to dykes (Table 1, Figs. 3 and 4) . The various facies have similar proportions of K-feldspar, quartz, and plagioclase, associated with biotite, and, in the less evolved facies, amphibole ± clinopyroxene.
In this subcircular granitic pluton, the distribution of the different facies is relatively well ordered, with the more evolved varieties occupying the center (Fig.  4) . The less evolved rocks, even-grained coarse monzogranites, are concentrated along the southern border of the pluton (Fig. 4) . They contain variable proportions of hornblende and biotite (BHMzG, HBMzG) , and are locally enriched in amphibole ± clinopyroxene (CBHMzG). The clinopyroxene-bearing facies (Figs. 5a, b) is found only in contact with amphibole-biotite monzogranite (Fig. 4) . Coarse biotite monzogranites . (Streckeisen 1976) , showing the modal compositions of the Redenção granite and the decrease in mafic mineral content with an increase in the ratio of alkali feldspar to plagioclase. CBHMzG: clinopyroxene-biotite-hornblende monzogranite, BHMzG: biotite-hornblende monzogranite, HBMzG: hornblende-biotite monzogranite, cBMzG: coarse, even-grained biotite monzogranite, sBMzG: medium-to coarse-grained seriate biotite monzogranite, pBMzG: porphyritic biotite monzogranite, sLMzG: medium-to coarse-grained seriate leucomonzogranite, eLMzG: medium-, even-grained leucomonzogranite, LMcSg: leucomicrosyenogranite.
FiG. 3. QAP and Q -(A + P) -M diagrams
(cBMzG) are dominant in the northern, eastern, and western borders of the pluton. Coarse-to mediumgrained seriate (sBMzG) and porphyritic (pBMzG) biotite monzogranites form annular structures in the central-southern and central parts of the pluton and cross-cut coarse-grained hornblende-biotite and biotite (Fig. 5c ) and Bannach plutons , Almeida et al. 2006 . Such examples of the rapakivi texture are more common in the coarse porphyritic facies and display evidence of interaction between different felsic magmas. In the Redenção pluton, direct evidence of magma mingling between mafic and felsic magmas is lacking, and in the case of the entire Jamon suite, it is limited to local composite dikes .
The pluton is dominated by hipidiomorphic granular textures and is composed of coarse perthitic alkali feldspar (20-43%), plagioclase (22-33%) and quartz (22-34%).
In all facies, plagioclase crystals are normally zoned, in some cases with an oscillatory character. The earliercrystallized plagioclase forms euhedral to subhedral strongly zoned crystals with an andesine to calcic oligoclase core grading to sodic oligoclase in the border zones, and locally showing a rim of albite, preferentially in contact with K-feldspar. The later-crystallized plagioclase forms subhedral to anhedral crystals of sodic oligoclase to albite, generally found as local interstitial grains or in the matrix of porphyritic varieties. In the hornblende-biotite monzogranite, plagioclase cores have, according to optical measurements, compositions between An 32 and An 29 , intermediate zones have a composition of An , and border zones go from An 16-10 to albite (An 6-0 ). In the coarse even-grained and porphyritic biotite monzogranite, most plagioclase crystals display a subidiomorphic or idiomorphic generally altered core of up to An 25 , and xenomorphic intermediate to outer zones with An (Fig. 5d ). In the medium-to coarse-grained seriate biotite monzogranite and leucogranites facies, the plagioclase is sodic oligoclase to albite (Figs. 5e, f) without an andesine to calcic oligoclase cores. Plagioclase crystals are weakly to intensely altered to white mica Å epidote, especially in the core.
Subsolidus quartz-plagioclase myrmekitic intergrowths are common in the less evolved granites and scarce in the leucogranites. Late-magmatic granophyric quartz -K-feldspar intergrowths, and albitization of K-feldspar (chessboard albite, Smith 1974) are common only in the more evolved facies. In the porphyritic facies, phenocrysts of plagioclase, quartz, and alkali feldspar constitute about 40% of the rock (Fig. 5g) , and granophyric textures are present locally in the matrix. In the porphyritic and seriate varieties, two generations of quartz have been recognized (Fig. 5h): (1) coarse-or medium-grained, embayed bipyramidal crystals, and (2) medium-to fine-grained anhedral interstitial grains or fine-grained inclusions, concentrated in the outer zones of K-feldspar or plagioclase grains. The syenogranite facies has a porphyritic texture, with phenocrysts of quartz, oligoclase (An <22 ), and K-feldspar set in a finegrained matrix.
In the Redenção pluton, biotite is the dominant ferromagnesian mineral, whereas amphibole, locally with relics of clinopyroxene (corona texture; Fig. 5b ), is abundant only in the less-evolved facies ( Table 1 ). The clinopyroxene-bearing biotite-amphibole monzogranite is enriched in amphibole and clinopyroxene. In the with relict clinopyroxene core (corona texture), which is abundant only in the less evolved facies. c) Ovoid alkali feldspar megacryst with mantle of plagioclase illustrating the rapakivi texture, which is common in the Redenção pluton. d) Plagioclase crystals, with an idiomorphic andesine to calcic oligoclase core showing evidence of the synneusis structure (Vance 1969) or epitactic growth (Dowty 1980 ). e) Hand-specimen sample of reddish seriate leucomonzogranite from the central portion of the pluton. f) Microscopic aspect of the leucomonzogranite showing a plagioclase of sodic oligoclase composition, less decalcified than that in the coarse-grained monzogranites. g) Porphyritic biotite monzogranite comprising phenocrysts of plagioclase, quartz, and alkali feldspar set in a fine-grained matrix. h) Photomicrograph of a porphyritic biotite monzogranite showing embayed quartz phenocrysts set in a fine-grained matrix constituted by quartz, plagioclase, and alkali feldspar. i) Cluster of mafic minerals from coarse-grained biotite monzogranite comprising a single biotite crystal with inclusions of zircon and allanite, associated with titanite, opaque minerals, and apatite. j) Magmatic idiomorphic titanite crystal from biotite monzogranite. Symbols: Op: opaque minerals, Cpx: clinopyroxene, Hbl: hornblende, Pl: plagioclase, Aln: allanite, Bt: biotite, Zrn: zircon, Ttn: titanite, Qtz: quartz, Kfs: K-feldspar.
amphibole-biotite monzogranites, clusters of amphibole with aggregates of earlier-crystallized plagioclase are common (except in biotite monzogranites) and associated with biotite and accessory minerals [zircon, apatite, magnetite, ilmenite, allanite, magmatic titanite (Figs. 5i, j), pyrite, and chalcopyrite]. Amphibole and biotite commonly contain inclusions of zircon, magnetite, ilmenite, and apatite. Biotite is locally altered to chlorite and fine grains of subsolidus titanite. White mica, epidote and, in the more evolved facies, fluorite, are products of alteration of the plagioclase. The magmatic evolution of the Redenção pluton is marked by the systematic decrease of modal mafic mineral content, plagioclase:K-feldspar and amphibole:biotite ratios, and anorthite content of plagioclase (Table 1 ). The modal proportions of plagioclase and amphibole, as well as modal mafic mineral content (Fig. 3) , are greater in the clinopyroxenebearing biotite-amphibole monzogranite and decrease toward the biotite monzogranites, attaining the lowest values in the leucogranites, which form the center of the pluton (Fig. 4) . On the other hand, the abundance of alkali feldspar and quartz increases toward the inner zone.
The crystallization sequence of the granitic magma was deduced from textural criteria in the biotite+hornblende monzogranites, considered to most closely approximate the composition of the leastevolved liquid. The crystallization sequence has been discussed by Oliveira et al. (2005) and is presented in Figure 6a . Apatite, zircon, ilmenite, magnetite, and clinopyroxene are the earliest phases in the crystallization sequence. They are followed by hornblende and andesine to calcic oligoclase (An <41 ), which commonly form clusters, and are associated with biotite and early-crystallized accessory minerals. In these clusters, plagioclase crystals with double idiomorphic cores [ Fig.  5d ; the synneusis structure of Vance (1969) ; cf. Dowty (1980) ] are common, showing that the magma had a low crystal:liquid ratio at this stage of crystallization. Quartz began to crystallize relatively early and was followed by alkali feldspar. Biotite appeared later in the sequence. Textural relationships suggest that it replaced hornblende in a peritectic reaction (Fig. 6b) . Titanite ( Fig. 5j ) and allanite began to crystallize a little earlier but grew in major part synchronously with biotite. At this stage, the crystallizing plagioclase was a sodic oligoclase. At the subsolidus stage, calcic plagioclase in the core, hornblende, and biotite were partially replaced by secondary phases (Fig. 6a) .
In the Redenção magma, as observed in the Jamon pluton (Fig. 6b; Dall'Agnol et al. 1999b) , the crystallization of hydrous silicates, and particularly of amphibole, began at a relatively early stage. In contrast, in other A-type granites, annite is commonly reported as an interstitial or subsolidus phase, and, amphibole, although generally earlier than biotite in the crystallization sequence, is also commonly interpreted as a late phase (e.g., Clemens et al. 1986 , Anderson & Bender 1989 , Emslie & Stirling 1993 , King et al. 1997 , Rajesh 2000 . In the Redenção magma, amphibole and biotite crystallized at relatively higher temperatures than in other A-type granites. This contrast can be explained by the oxidizing character and the relatively higher H 2 O content of the Redenção magma, when compared to reduced, H 2 O-poor A-type magmas (Dall'Agnol et al. 1999c , Dall'Agnol & Oliveira 2007 ).
In the biotite monzogranites, the sequence of magmatic crystallization is similar to that described in the biotite-hornblende monzogranites, but andesine to calcic oligoclase and amphibole are less abundant, and hornblende gave way almost entirely to biotite at the magmatic stage. As a consequence, the plagioclase-amphibole clusters are less common in the biotite monzogranite, where smaller and more sodic plagioclase is dominant and hornblende is rare. In the porphyritic facies, the crystallization sequence was similar to that described in the even-grained biotite monzogranites; where the proportion of phenocrysts in the liquid was significant (40 to 60%), however, a sudden change in the magmatic conditions, possibly due to open-system degassing (Dall'Agnol et al. 1999b) , accelerated the crystallization of the liquid and generated the fine-grained matrix of these rocks (Figs. 5g, h). Another hypothesis, discussed below, is that at least part of the porphyritic granites resulted from mingling between the coarse biotite monzogranite and evolved leucogranites. Finally, the leucogranites (Figs. 5e, f) are interpreted as having been precipitated from evolved liquids, the origin of which can be verified using geochemical data.
whole-roCk GeoCheMistry

Analytical procedure
Thirty-four representative samples of the different facies of the Redenção pluton were analyzed for major and trace elements ( Table 2 ). The chemical analyses were performed at the Lakefield-Geosol laboratories at Belo Horizonte, Brazil. The rocks were analyzed for SiO 2 , TiO 2 , Al 2 O 3 , Fe 2 O 3t , MnO, MgO, CaO, K 2 O, Na 2 O, P 2 O 5 , Rb, Sr, Ba, Zr, Y, Nb, Ga, Sc, Th, U, and V by a combination of X-ray fluorescence and atomic absorption spectrometry. We analyzed the same rocks for the rare-earth elements (REE) using inductively coupled plasma (ICP) -atomic emission spectrometry. The amount of FeO was established by wet chemistry at the Geociences Institute of the Federal University of Pará.
Results
In the R1-R2 diagram (De La Roche et al. 1980) , the samples of the Redenção granite display a subalkaline trend and plot in the fields of syenogranite and monzogranite (Fig. 7a) , except for the clinopyroxenebearing facies, which has a chemical composition of a granodiorite. The granites vary from metaluminous to slightly peraluminous with decreasing Fe + Mg + Ti content, corresponding with increasing silica ( Fig. 7b; A-B diagram, Debon & Le Fort 1983) . Average A/CNK values vary from 0.85 to 1.06 (Table 2 ; the average for Finnish rapakivi granites is 0.99, and they also plot close to the metaluminous-peraluminous boundary; Rämö & Haapala 1995) . The varieties containing amphibole ± clinopyroxene are mostly metaluminous, the biotite monzogranites are essentially peraluminous, and the leucogranites display a more accentuated peraluminous character compared to the other facies. The total alkali contents display a positive correlation with SiO 2 , and vary from 7.0 to 8.80 wt.% (Table 2 ). The K 2 O/Na 2 O values are between 1 and 2 ( Fig. 7c) and increase from the biotite-amphibole monzogranites to the leucogranites. Figure 7d shows that FeO t /(FeO t + MgO) is higher than 0.8 and also increases with SiO 2 . These values are lower than those in typical rapakivi granites (Rämö & Haapala 1995) . They are, however, consistent with those reported in oxidized A-type granites (Dall'Agnol & Oliveira 2007) .
In the Redenção granite, SiO 2 contents vary from 66.1 to 76.3 wt.%, and Al 2 O 3 , generally from 12.0 to 13.7 wt.% (Table 2) . Except for the clinopyroxenebearing granite, the major-element compositions of the different facies overlap, but there is a general trend of increasing silica content from the biotite-amphibole monzogranites to the leucogranites, passing through the biotite monzogranites (Fig. 8) . The amounts of TiO 2 , Al 2 O 3 , Fe 2 O 3 t , MgO, CaO, and P 2 O 5 decrease, and the amount of K 2 O increases, from the biotite-hornblende monzogranites to the leucogranites (Fig. 8) . The decrease of TiO 2 , Fe 2 O 3 t , MgO, CaO, and P 2 O 5 may be correlated with the early crystallization of clinopyroxene, hornblende, magnetite, ilmenite, and apatite. The amount of Al 2 O 3 and, in part, CaO decrease owing the early crystallization of andesine to calcic oligoclase. The Na 2 O concentrations are relatively uniform (Fig.  8h) . Several features of the major-element chemical data, including high Fe/Mg, moderate to high TiO 2 / MgO, and low Al 2 O 3 , CaO, and MgO, are typical of A-type granites (Whalen et al. 1987 , Eby 1992 , Patiño Douce 1997 , Dall'Agnol & Oliveira 2007 .
Compared to the other varieties, the two analyzed samples of the clinopyroxene -biotite -amphibole monzogranite display the lowest content of SiO 2 and K 2 O, and the highest contents of TiO 2 , Fe 2 O 3 t , MgO, CaO, and P 2 O 5 . There is a large compositional gap between these rocks and those of others varieties (Fig. 8) , which is a reflection of their higher content of mafic minerals and lower modal proportions of quartz and K-feldspar (Table 1, Fig. 3 ). This feature, associated with field and textural evidence, is indicative of a cumulative nature for the mafic clusters enriched in clinopyroxene observed in this facies.
Except for the clinopyroxene-bearing monzogranites, the biotite-amphibole monzogranites are geochemically the less evolved rocks. In spite of their textural contrasts, the seriate and the coarse even-grained biotite monzogranites have similar compositions. The general trends of the biotite monzogranites and leucogranites are not aligned in the TiO 2 , Fe 2 O 3 t , MgO, and P 2 O 5 Harker plots (Fig. 8) , suggesting that the leucogranitic magma is probably not a residual liquid derived from the biotite monzogranites by fractional crystallization.
The less evolved facies are exposed in the southern part, and the more evolved facies, in the central part of the pluton (Fig. 4) .
The Harker trace-element diagrams show a good negative correlation of Ba, Zr, and Sr with SiO 2 , and a positive correlation of Rb with SiO 2 . Rubidium displays a remarkable increase from the biotite-amphibole monzogranites to the leucogranites (Fig. 9a) , reflecting its incompatible behavior. On the other hand, Ba, Sr, and Zr behave as compatible elements during the magmatic evolution (Figs. 9b, c, and d) . The behavior of Zr (Fig.  9d) indicates that it was strongly compatible since early stages of crystallization, which is consistent with petrographic evidence of zircon crystallization as a nearliquidus phase (Fig. 6a) . Yttrium and Nb do not define clear trends in Harker diagrams, but the leucogranites are enriched in these elements compared to the other facies (Figs. 9e, f) .
The behavior of Rb, Sr, and Ba
The contrasting behavior of Rb, Sr, and Ba in mineral phases is useful in estimating the extent of fractionation of distinct minerals and whether magmatic evolution was controlled dominantly by fractional crystallization, partial melting or more complex processes (Hanson 1978 , Rollinson 1993 , Dall'Agnol et al. 1999b .
Barium and Sr are strongly compatible, display a positive correlation (Fig. 10a) and show large variation, decreasing from the more mafic to the more felsic varieties (1498 to 32 ppm and 332 to 27 ppm, respectively; Table 2 , Fig. 10a ). The amount of rubidium, on the other hand, increases toward the leucogranites. As a consequence, Rb and Sr correlate negatively (Fig.  10b) . In the Rb/Sr -Sr/Ba plot (Fig. 10c) , a rapid increase in the Rb/Sr value from the low-silica to the more silica-rich samples is observed, whereas the Sr/Ba value remains almost constant. In these plots, the biotite monzogranites and the leucogranites tend to display distinct trends, suggesting that they could be derived from different liquids.
In the above-mentioned geochemical plots (Fig. 10) , the analyzed rocks follow non-linear trends. This aspect, associated with the large variations of Rb, Sr, Ba, and Rb/Sr, are indicative of fractional crystallization with changes in the fractionating assemblage, in contrast to processes dominated by partial melting or equilibrium crystallization (Caskie 1984 , Hanson 1978 , Rämö 1991 , Dall'Agnol et al. 1999b ). An alternative hypothesis is to admit the influence of more complex processes in the magma evolution. With the exception of local evidence for magma-mingling processes, generally involving porphyritic varieties, there is little evidence in the pluton of processes such as magma mixing that could also explain these geochemical characteristics.
In the Sr-Ba and Rb-Sr plots (Figs. 10a, b) , the clinopyroxene-bearing hornblende-enriched monzogranites are impoverished in Rb, Sr, and Ba compared to the hornblende-biotite monzogranites. This feature could possibly be explained by derivation of the less evolved, mafic-mineral-enriched varieties by accumulation of hornblende and clinopyroxene in the hornblende-biotite monzogranitic magma. The magmatic evolution from the hornblende-biotite monzogranites to the biotite monzogranites was accompanied by a decrease of Sr and Ba, and an increase of Rb, resulting in a rapid increase of Rb/Sr values with little variation of Sr/Ba (Figs. 10a, b, c) . This finding suggests that fractional crystallization was controlled by plagioclase, with a subordinate influence of hornblende and K-feldspar. Compared to the hornblende-biotite monzogranites, the leucogranites display a similar but apparently independent trend in the Rb/Sr versus Sr/Ba plot, whereas in the Sr-Ba and Rb-Sr plots, they show clearly distinct trends that indicate a dominant influence of K-feldspar on the liquid evolution (Figs. 10a, b, c) . Biotite apparently exerted a limited influence during the fractional crystallization. This inference is based on the behavior of the large-ion lithophile elements (LILE), and also on the fact that the mica was interpreted as a relatively late phase derived from peritectic reaction between amphibole and the magmatic liquid. Nevertheless, some of the more silica-rich samples show relatively low Rb contents, which could indicate a greater extent of biotite fractionation or selective remobilization of rubidium by volatiles in the more evolved liquids.
Geochemical data are not conclusive, but several diagrams (Figs. 8a, c, d , e, f, 9b, c, f, 10a, c) reinforce the hypothesis of origin of at least some of the porphyritic biotite monzogranites by mingling between the biotite monzogranites and the leucogranites, as supported by field and petrographic data.
The rare-earth elements
Analytical data on the rare-earth elements (REE) ( Table 2 ) and the corresponding chondrite-normalized plots (Fig. 11 ) of representative samples of the different varieties of the Redenção pluton show that the rocks display enrichment in the LREE and a significant depletion of HREE. Average (La/Yb) N values are relatively high and show strong variation, from a minimum of 16.12 in the clinopyroxene-amphibole monzogranite to a maximum of 50.23 in the syenogranite dike facies (Table 2) , with the biotite monzogranites displaying average values of ~30. All varieties display a negative Eu anomaly, with average Eu/Eu* values ranging from 0.65 to 0.29 (Table 2 ). In general, the negative Eu anomalies increase from the rocks with lower silica to those with higher silica content, which is consistent with an important fractionation of the feldspars. The exceptions are the clinopyroxene-hornblende monzogranites and the seriate leucomonzogranites. The clinopyroxene-hornblende monzogranites are enriched in the HREE and show a more prominent negative Eu anomaly (average Eu/Eu* 0.36) compared to the biotite-hornblende monzogranites (Fig. 11a) . These aspects are not consistent with an origin of the latter by fractional crystallization processes and derivation from the clinopyroxene-hornblende facies, but could be explained by admitting that the mafic-mineral-enriched rocks are derived from a biotite-hornblende-bearing monzogranitic liquid modified mostly by accumulation of clinopyroxene and amphibole. The three varieties of biotite monzogranite display quite similar patterns (Fig. 11b) , which differ from those of the hornblendeenriched facies only by the more prominent negative Eu anomaly of the former. These patterns are consistent with the hypothesis of derivation of the biotite monzogranites from the biotite-hornblende monzogranites by fractional crystallization. The patterns for the leucogranites are distinct from those of other varieties of the Redenção pluton. They display a concave shape of the HREE pattern (Fig. 11c ) that is not observed in the other facies (Figs. 11a, b) , and which is indicative of an important fractionation of hornblende during their magmatic evolution (Hanson 1978 , Henderson 1984 , Rollinson 1993 . Another relevant aspect is the moderate negative Eu anomaly of the seriate leucomonzogranite (Fig. 11c , Eu/Eu* 0.56, on average, comparable to those of hornblende-biotite monzogranites; Table 2 ). This feature is not consistent with derivation of these rocks from the biotite monzogranites by fractional crystallization. On the other hand, the increase in the magnitude of the negative Eu anomaly from the seriate to the equigranular leucomonzogranites and leucomicrosyenogranites, associated with other geochemical characteristics shown by these rocks, could suggest a derivation of the latter from the seriate leucomonzogranites.
Geochemical modeling
The geochemical data on the Redenção granite support the hypothesis of a comagmatic origin for the hornblende-biotite monzogranites and biotite monzogranites; they could be related by fractional crystallization processes. The clinopyroxene-hornblende monzogranite is more probably derived from a liquid similar to the biotite-hornblende monzogranite, but enriched in accumulated mafic phases. The leucomonzogranites apparently have an origin independent to that of the other facies, being derived from a different liquid. There is also evidence of derivation of at least part of the porphyritic biotite monzogranites by mingling processes involving the coarse biotite monzogranites and leucogranites. To evaluate these hypotheses quantitatively, we have tested by geochemical modeling fractional crystallization, accumulation and magma-mingling models in order to establish constraints for the petrogenesis of the Redenção granite. This was done using major elements, as well as selected trace elements, including the REE.
Methodology of modeling
Mass-balance calculations for major elements were performed using the program Genesis (Teixeira 2005) . The model is calculated by adjusting the relative proportions of fractionating or residual minerals from the initial melt or source, respectively, to reproduce the composition of the expected melt. The quality of the model is evaluated using the sum of the squared residuals (SR 2 ), and the model is consistent if SR 2 < 1. For trace elements modeling, tables in exCel created by Sergio C. Valente (Universidade Federal Rural do Rio de Janeiro, Brazil) were employed. The mineral/ liquid partition coeficients (K d ) used in the modeling are available from the first named author upon request. Most of them are from Rollinson (1993) .
The compositions of the initial hypothetical liquids involved in the processes that should be tested by modeling are not precisely known and need to be estimated. In the modeling of accumulation processes, the average composition of the more mafic-mineralenriched biotite-amphibole monzogranites was assumed to represent the initial liquid (Table 3 ). In the modeling of fractional crystallization from the amphibole-bearing facies to the biotite monzogranite, the sample JCR-09 (Table 3 ) was taken to represent the initial liquid. Finally, in the modeling of magmamingling processes average chemical compositions of representative samples from the coarse-grained and porphyritic biotite monzogranites, seriate leucomonzogranite, and leucosyenogranite were used (Table 3) .
Considering the petrographic and geochemical similarities existing between Redenção and Jamon granites (Dall'Agnol & Oliveira 2007) , and the absence of chemical data on the minerals of the Redenção granite, the compositions of the fractionating or accumulated minerals were taken from selected representative data of the same mineral phases of the Jamon granite (Dall'Agnol et al. 1999b) (Table 4) .
Fractional crystallization and accumulation modeling
We have examined whether the amphibole-biotite monzogranite, biotite monzogranite, and leucogranites could be related by fractional crystallization. In addition, we have evaluated a possible magmatic link between the clinopyroxene -amphibole -biotite monzogranite and the biotite-amphibole monzogranite by accumulation processes.
In the fractional crystallization modeling between the amphibole-biotite monzogranite and the biotite monzogranite, the composition of the sample JCR-14B and the average chemical composition of the latter facies (Table 3) were assumed as the possible daughter liquids. Assuming the composition of sample JCR-14B as daughter, the best model was obtained by fractionating amphibole + biotite + plagioclase + K-feldspar + quartz + magnetite + ilmenite + apatite + zircon, whereas considering the average chemical composition as the daughter, a more consistent model was obtained by fractionating a similar assemblage without ilmenite. In both models, the fractionating assemblages correspond to 15% of the original liquid, and the sums of the squared residuals are relatively low (SR 2 = 0.25 and 0.16, respectively, Table 3 ). Moreover, for both models, the fractionates give a good fit for the REE (Figs. 12a,  c) and other selected trace elements (Ba, Sr, Rb, and Zr: Figs. 12b, d) . Hence, we contend that an acceptable model was obtained. In addition, we have tested the hypothesis of derivation of the leucogranites from the coarse biotite monzogranite by fractional crystallization, and found that the modeling results are not consistent. This reinforces the geochemical evidence that the leucogranites derived from a distinct magma.
To verify the hypothesis of a cumulate origin for the clinopyroxene -amphibole -biotite monzogranite , we have tested whether these rocks could be derived from the parental liquids of the amphibole-biotite monzogranite facies. We have examined whether this initial liquid was able to generate the clinopyroxene-enriched monzogranites, mainly by accumulation of clinopyroxene and amphibole. The different major-element-based models tested gave poor fits. However, trace-element models in which there is an accumulation of 30% of clinopyroxene + amphibole + allanite + zircon gave excellent fits (Fig. 13, Table  3 ). Despite the fact that this test was not consistent for major elements, the results obtained for trace elements are interpreted as indicative that the process mentioned could have operated during the evolution of the Redenção granite.
Models of the magma-mingling processes
To test the origin of the porphyritic biotite monzogranite by mingling between biotite monzogranite and the leucogranites, we have used in the modeling the average of the representative chemical compositions of the different facies involved (Table 3) . Initially, we had made mass balance calculations for major elements, and the results were found to be consistent for mingling between 30 wt.% of the seriate leucomonzogranite or 20 wt.% of the leucosyenogranite with, respectively 70 or 80 wt.% of the coarse biotite monzogranite (Table 3) . Moreover, the La/Yb versus Ba/Sr and Sm/Nd versus Ba/Sr plots (Fig. 14) indicate that mixtures in the proportions suggested by the major-element modeling could produce the porphyritic biotite monzogranite. We conclude that mingling processes could explain local complex interactions involving the evolved varieties of the Redenção pluton.
DisCussion
The oxidized versus reduced character and geochemical signature of the Redenção granite
In the Nb -Y and Rb -(Y+Nb) diagrams (Pearce et al. 1984) , samples of Redenção granite plot in the field of within-plate granites formed in areas of attenuated continental crust (Fig. 15a) . The Ga/Al values vary from 3.0 to 4.8, and the highest values are encountered in the leucogranite. In the diagrams proposed by Whalen et al. (1987) to distinguish geochemically A-type from S-, M-, and I-type granites, all analyzed samples plot in the field of A-type granite (Fig. 15b) . Moreover, Eby (1992) suggested that the Y/Nb value can be employed to distinguish A-type granites of mantle (Y/Nb < 1.2; A1 subtype) or crustal (Y/Nb > 1.2; A2 subtype) origin. All samples of the Redenção pluton plot in the A2 field in the Rb/Nb -Y/Nb and Nb -Y -Zr/4 geochemical diagrams (Figs. 15c, d ), suggesting that they are of dominantly crustal origin.
The geochemical characteristics of Redenção are similar to other studied plutons of the Jamon Suite, i.e., Jamon, Musa, and Bannach. All these granites are classified as of A-type (Dall'Agnol et al. 1999a , b, 2005 , Dall'Agnol & Oliveira 2007 , as demonstrated by their high FeO t /(FeO t + MgO) values (Figs. 7d, 16a , b) and low Al 2 O 3 contents (Table 2 , cf. detailed discussion in Dall'Agnol & Oliveira 2007) . They are anorogenic granites emplaced in an extensional setting (Oliveira et al. 2008) . Their origin is associated with anatexis of the lower crust due to underplating of mafic magma (Dall'Agnol et al. 1999a . We conclude that the Redenção granite is an A-type granite, but its oxidized character deserves further discussion.
All varieties of the Redenção pluton, as well as of other plutons of the Jamon suite, are oxidized granites. This is demonstrated by the characteristic occurrence in these rocks of magnetite as the dominant iron-titanium oxide mineral, their relatively high magnetic susceptibility values (Oliveira et al. 2002) , and the presence of the magmatic assemblage titanite -magnetite -quartz (Wones 1989) . It was estimated that the Jamon suite granites crystallized at f(O 2 ) conditions near NNO or HITMQ buffers , 1999c and, following the criteria of Ishihara (1981) , they have been classified as magnetite series granites (cf. Dall'Agnol et al. 2005 , and references therein).
Dall 'Agnol & Oliveira (2007) discussed the geochemical and petrological distinction between reduced and oxidized A-type granites and proposed some geochemical diagrams to distinguish these two subtypes. It is beyond the scope of the present paper to reproduce this discussion, but some diagrams are presented here to illustrate the geochemical variation of the Redenção pluton and its oxidized A-type character (Rämö & Haapala 1995) , allowing a clear distinction of both subtypes of A-type granites.
The origin and magmatic evolution of the Redenção granites
Neodymium isotope data for the Jamon Suite show that their  Nd (at 1880 Ma) values are strongly negative, ranging generally from -10.5 to -8.1 (mean value -9.4) and showing relatively little variation. On the other hand, T DM ages are all Archean, but show considerable variation (~2.60 to 3.02 Ga; Dall'Agnol et al. 1999b , Rämö et al. 2002 . The Nd evolution lines of Archean granitic rocks suggest that the Paleoproterozoic A-type granites of the Jamon Suite were derived from deep parts of the Archean crust. Geochemical modeling indicate that low-silica, mafic-mineral-enriched quartz diorite could be the protolith of the Jamon granite magma (Dall'Agnol et al. 1999b, c) .
The available Nd isotope data on the Redenção granite varieties are limited to four samples (Rämö et al. 2002) . The T DM ages at 1.88 Ga are quite uniform (2727 to 2807 Ma), but the  Nd values show significant contrasts in the different facies. They vary from -8.8 in a coarse-grained biotite monzogranite to -10.5 in a porphyritic biotite monzogranite, with an intermediate value of -9.6 in the biotite-hornblende monzogranite (Rämö et al. 2002) . The observed contrast in  Nd values indicates that all the analyzed varieties are probably not comagmatic and suggests that different Archean protoliths involved in the generation of the Redenção granites.
The whole-rock and Nd isotope geochemical data presented above indicate that the different varieties of the Redenção pluton are not derived from a single magma by processes of fractional crystallization; they point to a more complex magmatic evolution for the pluton.
Mass-balance calculations were employed to evaluate the different hypotheses of magmatic differentiation of the Redenção granites. They indicate that the clinopyroxene -amphibole -biotite monzogranites were not able to generate the amphibole-biotite monzogranites by fractional crystallization processes. This is reinforced by the local occurrence in the pluton and low areal distribution of this variety (Fig. 3) . Geochemical modeling suggests, on the other hand, that the origin of the clinopyroxene-bearing less evolved rocks by accumulation of mafic phases from the amphibolebiotite monzogranites was a viable process (Fig. 14) . Mass-balance calculations suggest, in addition, that the biotite-hornblende monzogranites and biotite monzogranites were probably linked by fractional crystallization processes. The leucogranites, on the other hand, do not follow the general geochemical trends defined for the other varieties and are most probably derived from an independent magma, as indicated by the geochemical modeling.
Finally, the geochemical characteristics of the porphyritic facies suggest that at least part of this variety could represent the hybrid product of mingling processes involving coarse-grained biotite monzogranites and leucogranites. In this context, the results obtained in experimental studies of the A-type granites of the Wangrah suite (Klimm et al. 2008 ) are worth noting. The dominant variety in this suite is the Wangrah granite, a porphyritic granite with local rapakivi texture, which is relatively enriched in K 2 O compared to other varieties of the same suite. Klimm et al. (2008) deduced that the Wangrah granite is not related to the other varieties of granite in the Wangrah suite by fractional crystallization processes, and that it could be generated by "mixing" processes involving an assemblage of accumulated minerals dominated by K-feldspar and quartz and a parental melt similar in composition to the Danswell Creek granite. Independent of the contrasts that exist between the Wangrah and the Redenção granites, these granites are both of A type, and the Wangrah granite and the porphyritic biotite monzogranite of the Redenção pluton show remarkable similarities in texture. The fact that both have been interpreted to be related to magma mixture is significant. It can be indicative that this kind of process can be more relevant for the genesis of granites than generally admitted.
Gravimetric geophysical data reveal that the Redenção pluton has a tabular shape with an estimated maximum thickness of 6 km; the proposed scheme of magmatic evolution is consistent with its probable sequence of emplacement as stated by Oliveira et al. (2008) . They argued that the less evolved biotiteamphibole monzogranites and associated rocks were the first to be emplaced. The magma ascent was controlled by fractures, and its transport was achieved via a series of dike-like feeder channels (Petford 1996) . The lessevolved rocks are concentrated in the southern domain of the pluton, and they were followed by the coarsegrained biotite monzogranites that are dominant in the eastern, western and northern domains. The leucogranites should correspond to an independent intrusion of evolved magma. Finally, the seriated and porphyritic biotite monzogranites were emplaced later along ring fractures probably generated by roof fracturing induced by the intrusion of the leucogranites.
suMMary anD ConClusions
1) The 1.88 Ga Redenção pluton is anorogenic and displays a roughly circular zoned internal structure. Less evolved facies are located in the southern domain with more evolved leucogranites in the center of the pluton.
2) The Redenção granites are oxidized A-type granites that can be distinguished from the reduced A-type granites by their marginally lower FeO t /(FeO t + MgO) ratios, presence of magnetite + titanite, and higher values of magnetic susceptibility.
3) Whole rock and Nd isotope geochemical data suggest that the Redenção granites are cogenetic but not comagmatic.
4) The magmatic evolution is relatively complex involving several distinct processes: The clinopyroxenebearing varieties were derived from the biotite-hornblende monzogranites by the accumulation of mafic phases. The biotite monzogranites and the biotite-hornblende monzogranites were linked by fractional crystallization; the leucogranites correspond to an independent felsic magma, and the porphyritic biotite monzogranites may have resulted from mingling processes involving the coarse-grained biotite monzogranite and leucogranites. The proposed model of magmatic evolution is consistent with the sequence of emplacement proposed for the pluton. Mingling processes could be more relevant for the genesis of granites than generally admitted.
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